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(57) Abstract 

A dual chamber, 
rate-responsive pacemaker 
for pacing a patient's heart 
novelly allows trackuig 
of the patient's sinus 
rate when the sinus rate 
is siighdy less than die 
sensor rate; i.e., within 
a predetermined "Sinus 
Preference Window 
Maximum Rate Ehop". 
Pacing at the sensor rate 
occurs when the sensor 
rate exceeds the sinus 
rate by more dian the 
Sinus Preference Window 
Maximum Rate Drop. In 
the preferred embodiment a 
Sinus Preference Window, 
which occurs at die end 
of die ventricle-to-atrium 
interval, is decremented 
with successive heart beats 
by a programmable delta 
to increase die pacing rate 
until the Sinus Preference 
Window reaches zero, in 
which case the pacemate 
paces at die sensor rate. 
The Sinus Preference 

Window is reset to its ni^Tini"T" value upon eidier die detecti(m of an 
Check Interval The pacemakn paces at die sinus rate or the maximum 
and then increments the pacing rate up to the sensor rate. 




atrial sensed event, or upon the expiration of a programmable Sinus 
rate diop lalB, whichever is fester, for a number of recovery beats. 
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SZKUS PREFEREKCE METHOD AKD APPMIATUS TOR 
CARDIAC PACEMAXERS 

RackcfTQund of iihe Invention 
5 !• Field of t he Invention 

The present invention relates to dual chaaiber, rate- 
responsive pacemakers « 
2. npgerintion of the Prior Art 

Dual chanber pacing modes have been widely adopted for 

10 pacing therapy. Among the dual chamber operating modes is 
the "DDD" mode, which can pace an atrium and a ventricle, 
senses both the atrium and the ventricle, and can either 
inhibit or trigger pacing stimuli for both chambers. This 
mode has a sensor augmented variant mode called ••DDDR", 

15 where the "R" stands for rate-adaptive or rate modulation. 

A DDD pacemcLker includes an atrial sense amplifier to 
detect atrial depolarizations of the heart, and a 
ventricular sense amplifier to detect ventricular 
depolarizations of the heart. If the atrium of the heart 

20 fails to beat within a predefined time interval (atrial 

escape interval) , the pacemaker supplies an atrial stimulus 
to the atrium through an appropriate lead system. 
Following an atrial event (either sensed or paced) and an 
atrioventricular (AV) interval, the pacemaker supplies a 

25 ventricular pacing stimulus to the ventricle through an 
appropriate lead system, if the ventricle fails to 
depolarize on its own. Pacemakers which perform this 
function have the capability of tracking the patient's 
natural sinus rhythm and preserving the hemodynamic 

30 contribution of the atrial contraction over a wide range of 
heart rates. 

Nany patients have an intact sinoatrial (SA) node, but 
inadequate AV conduction. For these patients, the DDD 
mode, which attempts to pace the ventricles in synchrony 
35 with the atria, is generally adequate for their needs. 

Patients with Sick Sinus Syndrome (SSS) have an atrial rate 
which can either be sometimes appropriate, sometimes too 
fast, and sometimes too slow. For SSS patients, the DDDR 
mode provides some relief by pacing the atria and 
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ventricles at a sensor rate determined by a sensor which 
senses a physiological indicator of the patients • metabolic 
needs. However, sensor rates are sometimes too high and 
sometimes too low for a variety of reasons, including, 
5 errors related to the input of programmable parameters, 

limitations of the sensor's ability to accurately sense the 
physical quantity being sensed, and limitations or problems 
with the algorithm used to determine the sensor rate. 
In addition to the above problems, pacemakers 

10 operating in prior art sensor driven pacing modes pace at 
the sensor rate (and overdrive the atriiam) whenever the 
sensor rate exceeds the sinus rate, even when the sinus 
rate is actually appropriate, and even when the difference 
between the two rates is too small to provide any 

15 discernible benefit in pacing at the higher sensor rate. 
Inappropriate. sensor rate pacing can lead to unnecessary 
overdrive of the atrium, and unwarranted expenditure of 
battery energy. 

ff^T^^n^ of ^he invention 
20 In view of the above, it is an object of the present 

invention to provide a novel dual chamber pacemeJcer with 
rate modulation capabilities, which does not overdrive the 
atrium with a higher sensor rate, when the sinus rate is 
appropriate for the current physiologic demand on the 
25 patient's heeurt. 

There is provided in accordance with the present 
invention, a rate-responsive pacemaker for pacing a 
patient's heax^ at a pacing rate, at least including: 

atrial pace stimulator means for generating an atrial 
30 pacing stimulus when needed; 

atrial sensing means for generating an atrial sensed 
event signal in response to a depolarization of atrial 
tissue; 

ventricular pace stimulator means coupled to the 
35 atrial pace stimulator means and the atrial sensing means 
for generating a ventricular pacing stimulus following an 
atrioventricular interval; and 
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sensor rate means coupled to the atrial pace 
stimulator means for deriving a sensor rate related to 
physiologic demand on the heart; 

wherein the pacing rate tracks the patient's sinus 
5 rate unless the sensor rate exceeds the sinus rate by a 
predetermined margin, in which case the pacing rate is 
changed to the sensor rate. 

There is also provided in accordance with the present 
invention, a pacing method for pacing a patient's heart 
10 with a rate-responsive pacemaker at a pacing rate, at least 
including the steps of: 

generating an atrial pacing stimulus when needed; 
generating an atrial sensed event signal in response 
to a depolarization of atrial tissue; 
15 generating a ventricular pacing stimulus following an 

atrioventricular interval; and 

deriving a sensor rate related to physiologic demand 
on the heeurt; 

wherein the pacing rate tracks the patient's sinus 
20 rate unless the sensor rate exceeds the sinus rate by a 
predetermined margin, in which case the pacing rate is 
cdianged to the sensor rate. 

The details of the present invention will be revealed 
in the following description, with reference to the 
25 attached drawing. 

Brief Des cription of the Drawing 
In the various figures of the drawing, like reference 
niamerals indicate Identical structures throughout the 
several views, and the elements are numbered such that the 
30 leftmost digit corresponds to the drawing figure in whicdi 
an element first appears. 

Figure 1 is block level diagram of a DDDR pacemaker 
capable of implementing the Sinus Preference Algorithm of 
the present invention. 
35 Figure 2 is a timing diagram depicting Sinus 

Preference Windows of the present invention in response to 
atrial paced and sensed events; 

Figure 3 is a continuation of the timing diagram in 
Figure 2. 
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Figure 4 is a graph of heart rate versus time using 
the Sinus Preference Algorithm of the present invention. 

Figure 5 is a resulting electrocardiogram in response 
to changing Sinus Preference Windows and the occurrence of 
5 atrial sensed events. 

Figure 6 is a graph of ventricular rate versus time, 
illustrating several recovery beats after the maximum rate 
drop has been reached. 

PAtailed Description of the Preferred Embodiment 
10 The present invention may be incorporated into such 

prior art pacemakers as, for example, DDD pacemaker taught 
by U.S. Patent 4,312,355 to Funke, hereby incorporated by 
reference. Another rate-responsive pacemaker suitable for 
use with the invention is taught in U.S. Patent 4,951,667 
15 to Markowitz et.al., hereby incorporated by reference, 
which teaches a dual chamber, activity-based, rate- 
responsive pacemaker of the DDDR type. This pacemaker 
utilizes sensed patient activity to set the pacemaker's 
"sensor" rate. 

20 Figure 1 is block level diagram which sets forth the 

structures required to incorporate the invention into a 
DDD/DDDR pacemaker. In the drawing, the patient's heart 10 
has an atrial pacing lead 12 passed into the right atriim 
and a ventricular lead 9 passed into the right ventricle. 

25 The atrial lead 12 has an atrial electrode array 13 which 
couples the pacemaker 14 to the atrium. The ventricular 
lead 9 has a ventricular electrode array 15 for coupling 
the pacemaker 14 to the ventricular tissue of a patient's 
heart 10. 

30 The atrial electrode array 13 is coupled to both an 

atrial pace stimulus generator 16 (APG) , and an atrial 
sense amplifier 17 (ASA) . In a similar fashion, the 
ventricular electrode array 15 is coupled to a ventricular 
pace stimulus generator 18 (VPG) and a ventricular sense 

35 amplifier 19 (VSA) . Although the arrangement in Figure I 

uses a tinipolar configuration, it can be easily modified to 
use a bipolar configuration, as well. 

Figure 1 shows a preferred patient activity sensor 
(PAS) 21 and appropriate signal conditioning circuitry, 
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which can be provided to alter the pacemaker operation in 
response to the sensed motion of the patient. An 
appropriate activity-based, rate-responsive system is 
taught by U.S. Patent 4,428,378 to Anderson et al., which 
5 is incorporated by reference herein. It should be 

appreciated that alternate sensors can be provided to 
achieve rate and postventricular atrial refractory period 
(FVARP) variation based upon other sensed physical 
parameters. 

10 In general, the atrial sense amplifier ASA 17 detects 

depolarizations of atrial tissue and generates an atrial 
sensed event (ASE) to indicate the detection of an atrial 
beat of the patient's heart. Similarly, the ventricular 
sense amplifier VSA 19 responds to a ventricular beat of 

15 the patient's heart and generates a corresponding 
ventricular sensed event (VSE) • 

The pacemaker logic 20, which is coupled to the sense 
amplifiers, generates various time intervals in response to 
detected atrial and ventricular sensed events, and 

20 generates both atrial paced event and ventricular paced 
event signals in response to timer logic and the sense 
amplifier signals. The principal timing functions are set 
forth in Table 1, below. 



30 



Timer 


Starting Events (s) 


Ending Event (s) 


PPVARP 


VPE or VSE 


Timeout 


V-A (DDDR) or 
V-A (DDD) 


VSE or VPE 


APE 


DRL 


VSE or VPE 


Timeout 


AVD 


APE or ASE 


VPE or VSE 


RLI 


VSE or VPE 


Timeout 


Disable Interval 
(T) 


VPE 


Timeout 



35 TABLE 1 

Timing Functions 

For exas^le, timer logic 20 is provided with means to time 
out a programmed AV delay period (AVD) . The AV delay 
40 period is initiated by the occurrence of either an atrial 



wo 95/09661 



PCTAJS94/10158 



. 6 - 

sensed or atrial paced event. The AV delay period may end 
with the generation of a ventricular paced event (VPE) • 

Logic 20 also provides for a prograsuned post 
ventricular atrial refractory period (PPVARP) • The PPVARP 
5 period begins with either a ventricular paced event (VPE) 
or a ventricular sensed event (VSE) , and expires at the 
conclusion of a physician-set tine interval. 

The logic also times out a refractory limit interval 
(SLI) which begins with the occurrence of a ventricular 

10 sensed or paced event. Pacemaker logic 20 also times out a 
disable interval period of a fixed but physician-selected 
duration. This disable interval time period begins upon 
the occurrence of a ventricular paced event (VPE) in a 
pacemaker cycle where the next post ventricular atrial 

15 refractory period is extended. Pacemaker logic 20 times 
out an upper rate limit interval (URL) . This timer is 
initiated by the occurrence of a ventricular paced event 
(VPE) or ventricular sensed event (VSE) , and limits the 
upper rate at which ventricular stimuli are delivered to 

20 the heart. Preferably two separate lower rate interval 
timer functions are provided. The first is set by the 
physician when the base pacing rate is selected. This DDD 
V-A time interval starts from the occurrence of a 
ventricular sensed event (VSE) or ventricular paced event 

25 (VPE) , and provided neither an ASE nor a VSE occurs during 
the V-A time interval, an atrial paced event (APE) is 
generated after the expiration of the V-A time interval. 
The duration of the second lower rate time interval is a 
function of the measured patient activity acquired by the 

30 activity sensor 21. Typically, this DDDR V-A time interval 
begins with a sensed or paced ventricular event (VSE or 
VPE, respectively) and has a time duration reflecting 
patient activity. In this art, such structures are well 
known, and a variety of techniques can be used to implement 

35 the required timer functions. 

The pacemaker logic 20 is also coupled to paced event 
pulse generators. For example, atrial paced event signals 
are coupled to the atrial pace stimulus generator 16 to 
produce an atrial pacing stimulus while the ventricular 



wo 95/09661 



PCTAJS94/10158 



paced event signal generates a ventricular pacing stimulus 
through the ventricular pace stimulus pulse generator 18. 
sinw ^arv of the Sinus Preference Al gorithm Operation 

As with prior art pacemakers, a pacemaker employing 
5 the Sinus Preference Algorithm of the present invention, a 
unique variant of the DDDR mode, tracks the sinus rate when 
the sinus rate exceeds the sensor rate. Unlike prior art 
pacing algorithms, the Sinus Preference Algorithm does not 
always cause the pacemaker to pace whenever the sensor rate 

10 exceeds the sinus rate. The pacemaker 14 paces at the 

sensor rate, or a variation thereof, whenever the sensor 
rate exceeds the sinus rate by more than a programmable 
maximum rate drop. Otherwise, the pacemaker 14 tracks the 
sinus rate. The Sinus Preference Algorithm will be 

15 explained in greater detail infra., with reference to 
Figures 2-6. 

Details of the Sinus Preference Algor ithm Operation 

Figures 2 and 3 together, represent a timing diagram 
of an example of successive heart cycles which illustrate 

20 the operation of the present invention. At the beginning 
of the timing diagram, a ventricular paced event (VPB) 
occurs after an atrial paced event (APE) and a paced 
atrioventricular (PAV) interval. At this point in time, 
the pacemaker 14 paces at the sensor rate. After a sensor- 

25 derived ventricle-to-atrium (V-A) interval (also the atrial 
escape interval at this time) , the pacemaker 14 again 
delivers a pacing stimulus to the atrium. Following a PAV, 
the pacemsdcer 14 delivers a pacing stimulus signal to the 
ventricle. 

30 In the example, an atrial sensed event (ASE) occurs 

after a measured V-A interval (less than the sensor-derived 
V-A interval in this instance) , followed by a sensed 
atrioventricular (SAV) interval and a VPE. The occurrence 
of the first ASE causes the algorithm to redefine the next 

35 atrial escape interval. First, the previous measured V-A 
interval is compared to the sensor-derived V-A interval. 
If the sensor-derived V-A interval is the lesser of the 
two, the new atrial escape interval is set equal to the 
sensor-derived V-A interval plus the current SPW (in this 
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instance, MaxSPW) . If the previous measured V-A interval 
is the lesser of the two^ the algorithm then compares the 
sum of the previous measured V-A interval plus the previous 
SPW with the sensor-derived V-A interval. The greater of 
5 the two is chosen as the new atrial escape interval. The 
first Sinus Preference Window SPW^ is set to correspond to 
the programmed maximum rate drop (MaxSPW) from the sensor 
rate allowable. 

The Sinus Preference Algorithm endeavors to first pace 

10 at the sensor rate minus the maximum rate drop, to look for 
possible ASEs, thus searching for sinus node beats 
occurring within acceptable proximity to the sensor rate. 
If foiaid, the pacemaker 14 then endeavors to track the 
sinus rate. Absent the above, the pacing rate remains at 

15 the maximum rate drop level for several recovery beats, as 
shown in Figure 6. At each succeeding heeurt cycle, the 
pacing rate is increased by a prograxmaJsle "SPW Rate 
Change". From the SPW Rate Change, a corresponding delta 
is derived, where delta equals the inverse of SPW Rate 

20 Oiange, or the change in interval needed to accomplish the 
desired rate change. The delta is siibtracted from each 
succeeding SPW. 

The pacing rate is incremented each heart cycle by the 
SPW Rate Change until the sensor rate is reached, where the 

25 pacemaker 14 continues to pace trntil either an ASE occurs, 
or a programmable Sinus Check Interval (SCI) spanning 
several heart cycles expires. 

Returning to the timing diagram in Figure 2, a second 
ASE occurs prior to the expiration of the new atrial escape 

30 interval; thus, the next Sinus Preference Window SPWj 

remains at MaxSPW, and the new atrial escape interval is 
chosen as described supra. Since no ASE occurs during the 
atrial escape interval, an APE occurs at its expiration 
followed in time by a VPE (see Figure 3) . 

35 The algorithm paces at the level resulting from the 

maximum rate drop for several recovery beats (not shown in 
Figure 3) . Then, the pacing rate begins to increment by 
the SPW Rate Change, so that the SPW is decremented by 
delta. Thus, SPW3 equals SPWj minus delta, and SPW4 equals 
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SPW3 minus delta. However, prior to the expiration of the 
atrial escape interval that includes SPW4, an ASE occurs, 
which resets SPW5 to MaxSPW. 

The effect of the Sinus Preference Algorithm is 
5 illustrated by the example in Figure 4, which shows graphs 
of heart rate versus time for p-wave or sinus rate (dotted 
curve) , sensor rate (dashed curve) , and A-V pacing rate 
(solid ciirve) . In the range of heart rates where sinus 
tracking is appropriate ("Sinus Appropriate") , the sensor 

10 rate does not exceed the sinus rate by more than the SPW 
Maximum Rate Drop. In the range of heart rates where 
sensor tracking is appropriate ("Sinus Not Appropriate"), 
the sensor rate exceeds the sinus rate by more than the SPW 
Maximum Rate Drop. 

15 Once the SPW Maximum Rate Drop is exceeded (i.e., the 

pacemaker 14 reaches the end of the atrial escape interval 
without the occurrence of an ASE) , and after the recovery 
beats, the pacemaker 14 begins incrementing the pacing rate 
until it reaches the sensor rate, where it remains until 

20 either the expiration of the SCI or the occurrence of an 
ASE. The SCI is reset to zero, and begins counting each 
time the SPW is reset to MaxSPW. The SCI expires when its 
programmed maximum coxmt is reached. The occurrence of an 
ASE might be interpreted as the return of the sinus rate to 

25 an appropriate one for the current physiologic demand on 
the heart, to which the pacemaker 14 can then begin 
tracking again. 

To further illustrate the operation of the Sinus 
Preference Algorithm, Figure 5 shows an example of an 

30 electrocardiogram (ECG) and corresponding SPWs resulting 
from the occurrence ot two ASEs. 

Variations and modifications to the present invention 
may be possible given the above disclos\ire. However, all 
35 such variations and modifications are intended to be within 
the scope of the invention claimed by this letters patent. 
For example, the present invention is not limited to any 
particular pacing mode, and can function with prior art 
modes such as DDDR, AAIR, WIR and DDIR. 
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We claiB: 

1, A pacemaker for pacing a patient's heart 
comprising: 

pulse generator means for generating pacing pulses and 
5 applying said pulses to a chaxsber of a patient's heart; 

sensing means for sensing depolarizations of said 
chamber of said patient's heart; 

means for defining first escape intervals; 

meems responsive to sensing of a depolarization of 
10 said chamber of said patient's heart, for adding 

incremental intervals to said first escape intervals to 
define effective escape intervals; 

means for triggering generation of a pacing pulse on 
expirations of said effective escape intervals; 
15 means responsive to failures to sense depolarizations 

of said chamber of said patient's heart within said 
effective escape intervals, for gradually decrementing 
duration of said incremental intervals, over a series of 
said effective escape intervals. 
20 2. A pacemsJcer according to claim 1, wherein said 

means for defining said first escape intervals comprises 
means for determining physiologic demand on said patients 
heart and means for defining first said first escape 
intervals as a function of physiologic demand on said 
25 patient's heart. 

3. A pacemaker according to claim 2, wherein said 
means for determining physiologic demand comprises means 
for sensing a physiologic parameter indicative of 
physiologic demand. 
30 4. A pacemaker according to claim 3 wherein said 

means for defining said first escape intervals comprises 
means for determining the sinus rate of said patient's 
heart. 

5. A pacemaker according to claim 4, wherein said 
35 means for defining said first escape intervals comprises 
means for deriving sensor based escape intervals as a 
function of said physiologic parameter and means for 
deriving sinus rate based escape intervals, and means for 
selecting said sensor based escape intervals or said sinus 
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rate based escape intervals to be said first escape 
intervals, as a function of the relative durations of said 
sensor based and atrial rate based escape intervals. 

6. A pacemaker according to claim 5 wherein said 
5 means for selecting comprises means for selecting said 

sensor based escape intervals as said first escape 
intervals if said sensor based escape intervals exceed said 
sinus rate based escape intervals. 

7. A pacemaker according to claim 5 or claim 6, 
10 wherein said means for selecting comprises means for 

selecting said sinus rate based escape intervals as said 
first escape intervals, if said sensor based escape 
intervals exceed said sinus rate based escape intervals by 
less than a predetermined amount. 

15 8. A pacemaker according to claim 5 or claim 6 or 

claim 7, further comprising means for setting said 
effective escape intervals equal to said sensor based 
escape intervals if said sensor based escape intervals 
exceed said sinus rate based escape intervals by more than 

20 said predetermined amount. 

9. A pacemaker according to any of claim 1 8 
above, wherein said sensing means comprises means for 
sensing atrial depolarizations and wherein said pulse 
generator means comprises means for applying pacing pulses 

25 to an atrium of said patient's heart. 

10. A pacemaker according to any of claims 1 9, 
above, wherein said responsive means comprises means for 
gradually decrementing duration of said incremental 
intervals, over a series of said effective escape 

30 intervals, until said incremental intervals equal zero and 
said effective escape intervals equal said first escape 
intervals . 

11. A pacemaker for pacing a patient's heairt 
comprising: 

35 pulse generator means for generating pacing pulses and 

applying said pulses to a chamber of a patient's heart; 

sensing means for sensing depolarizations of said 
chamber of said patient's heart; 
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means for sensing a physiologic parameter indicative 
of physiologic demand on said patient's heart and for 
deriving sensor based escape intervals based on said 
physiologic parameter; , 
5 means for determining the sinus rate of said patient "s 

heart and for defining sinus rate based escape intervals; 

means for defining effective escape intervals as a 
fiinction of said sinus rate based escape intervals if said 
sinus rate based escape intervals are less than said sensor 

10 based escape intervals by no more than a predetermined 

duration, and for defining said effective escape intervals 
as a function of said sensor based escape intervals if said 
sensor based escape intervals exceed said sinus rate based 
intervals by more than s*aid predetermined duration; and 

15 means for triggering generation of a pacing pulse on 

expirations of said effective escape intervals. 

12, A pacemaker according to claim 11, wherein said 
means for defining said effective escape intervals 
comprises means for defining effective escape intervals 

20 equal to said sinus rate based escape intervals plus 

incremental intervals, if said sinus rate based escape . 
intervals are less than said sensor based escape intervals 
by no more than a predetermined duration, and for defining 
said effective escape intervals equal to said sensor based 

25 escape intervals plus incremental intervals if said sensor 
based escape intervals exceed said sinus rate based 
intervals by more than said predetermined duration. 

13, A pacemaker according to claim 11 or claim 12 
wherein said means for defining effective escape intervals 

30 comprises means for defining said effective escape 
intervals as a function of said sensor based escape 
intervals if said sensor based escape intervals are less 
than said sinus rate based intervals. 

14, A pacemcOcer according to claim 13 wherein said 
35 means for defining effective escape intervals comprises 

means for defining said effective escape intervals equal to 
said sensor based escape intervals if said sensor based 
escape intervals are less than said sinus rate based 
intervals. 



wo 95/09661 PCT/US94/10158 

•IS- 
IS. A pacemaker according to claim 12, further 
comprising 

means responsive to failures to sense depolarizations 
of said chamber of said patient's heart within said 
effective escape Intervals, for gradually decrementing 
duration of said Incremental Intervals, over a series of 
said effective escape Intervals. 

16. A pacemaker according to claim 15 wherein said 
responsive means comprises means for gradually decrementing 
duration of said incremental Intervals, over a series of 
said effective escape intervals, until said Incremental 
Intervals equal zero. 

17. A pacemaker according to any of claims 11 - 16 
above, wherein said sensing means comprises means for 
sensing atrial depolarizations and wherein said pulse 
generator means comprises means for applying pacing pulses 
to an atrium of said patient's heart. 
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(57)Abstnu:t 

A dual chamber, 
rate-responsive pacemaker 
for pacing a patient's heart 
novelly allows tracking 
of &e patient's sinus 
rate when the sinus rate 
is siighfly less dian the 
seosor rate; Le., within 
a predetermined ''Sinus 
Preference Window 
Maximum Rate Drop". 
Paciug at the sensor rate 
occurs when the soisor 
rate exceeds the sinus 
rate by more than die 
Sinus Preference Wuidow 
Maximum Rate Drop. In 
die piefimed embodunent a 
Sinus Pmfeienoe \^^ndow, 
which occurs at the end 
of die ventticle-to-atrium 
interval, is decremented 
with successive heart beats 
by a programmable delta 
to increase the pacing rate 
until the Sinus {Reference 
Window reaches zero, in 
which case die pacemaker 
paces at the sensor rate. 
The Sinus Preference 

Window is reset to its maTinmnt value upon eith« die detection of an 
Check interval The pacemalcer paces at die sinus rate or the maximum 
and then increments die pacing rate up to the sensor rate. 




atrial sensed event, or upon the e^^iradon of a programmable Sinus 
rate drop rate, whichever is fEister, for a number of leoovery beats. 
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